Introduction: New radiology and other residents must quickly assimilate a vast amount of anatomic and pathologic information when learning to interpret noncontrast head computed tomography (CT). No interactive, computer-based module using a search-pattern approach to provide new residents with the groundwork for interpretation of noncontrast head CT previously existed. Methods: We developed such a learning module using PowerPoint. First-year radiology residents completed the module prior to their neuroradiology rotation, and neurology residents completed it during orientation. Residents took 20-question pre-and posttests to assess knowledge and a postmodule survey. Each resident was randomized to one of two pretests and took the opposite as the posttest. Scores were collected over 5 years for radiology residents and 4 years for neurology residents. Statistical analysis of scores was performed using t tests. Results: Forty-seven first-year radiology residents and 31 neurology residents completed the module and the pre-and posttests. Scores for all residents either stayed the same or increased, regardless of the order of the versions of the pre-or posttests; the mean score increase was 4 (p < .0001) out of 20. Radiology residents had higher mean scores than neurology residents on the preand posttests, which were statistically significant (p < .04 and .0004, respectively). Feedback on the survey was overwhelmingly positive. Discussion: This computerized learning module is effective for teaching basic interpretation skills to new radiology and neurology residents. The module allows for asynchronous, programmed learning and the use of a step-by-step search-pattern approach.
Introduction
Most graduates of U.S. medical schools tend to have limited background in image interpretation. This is particularly troublesome for new radiology residents, who transition from undergraduate to postgraduate training with little knowledge of their field, are immediately thrust into their jobs in the reading room, and within a year will be taking independent call and interpreting complicated cross-sectional imaging studies. On the other hand, while residents in other fields do not have the same level of focus on imaging, they will eventually be met with the challenge of reviewing imaging studies for their patients. Similar to radiology residents, they must build their skills from the ground up with limited time and often no formal training. These skills will be measured during residency in both areas by clinical competency committees, which assess every resident in predetermined milestone domains, at least twice a year.
It is not surprising that those with less formal training in image interpretation do not perform as well as those with more experience. Numerous studies have evaluated the discrepancy rates between radiology
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 OPEN ACCESS 1 residents and faculty, and the rates are significantly higher in first-year (postgraduate year two, or PGY-2) radiology residents than more senior residents. Similarly, studies have shown that other clinicians (e.g., emergency room physicians and neurosurgical trainees) have a high discrepancy rate when compared with radiologists' reports. Some studies have shown that these discrepancies are reduced after completing formalized tutorials.
Along these lines, some groups have attempted to implement more formalized introductory training for their radiology or other residents. One study showed that an introductory curriculum is helpful in preparing new radiology residents to take call. Another group organized orientation lecture sessions for first-year radiology residents. Another study showed that a checklist approach is useful for otolaryngology residents who are learning to interpret sinus computed tomography (CT) studies.
At our institution, radiology residents begin previewing radiologic studies and dictating radiologic reports within the first week of beginning their radiology training, and thus, residents rely on their own background knowledge or on self-directed reading to prepare for the beginning of each rotation. Residents have often requested short, introductory learning resources that could be performed independently and immediately before their various rotations. These learning tools could provide the residents with a foundation in radiologic anatomy and pathology, as well as a search-pattern approach, with which to approach their work from the first day. Similar computerized modules used to teach radiologic anatomy and pathology have been previously published in MedEdPORTAL.
We sought to build a computerized module for the neuroradiology rotation, which entails particularly complex anatomy as well as advanced imaging modalities, such as CT, even on the first day of training.
Our module is a stand-alone, image-rich, interactive learning module for interpreting emergent noncontrast head CTs for radiology residents and residents in other fields in which head CTs are common (neurology, neurosurgery, emergency medicine, etc.). This module is designed to give residents a basic search pattern for interpreting head CT and to introduce them to common anatomy and pathology. The module uses programmed learning so that the resident is forced to answer questions before advancing through the slides, as this has been shown to increase retention of material. In addition, the module can be used asynchronously, so that residents may view the module immediately before their own rotations begin. To our knowledge, this type of module has not been previously published.
Methods
Our learning module (Appendix A) was built in Microsoft PowerPoint by two of the coauthors with the input of two neuroradiologists, who helped provide the search pattern and identify the anatomy and pathology to be included. Material was targeted for radiology residents who would be interpreting emergent noncontrast head CTs. Images were taken from personal collections and were deidentified.
The module was instituted as a mandatory task for first-year radiology residents at our institution. There was no prerequisite knowledge. Our first-year radiology residents have 1-month rotations on neuroradiology, and we reserved the first morning (8:00 a.m.-12:00 p.m.) of the first day of the neuroradiology rotation for the new resident to complete the module without any other clinical duties (although most residents reported that the module took only 2 to 2.5 hours). We also made the module available to residents in other departments. The neurology and child neurology residency programs at our institution used this module for their incoming neurology and child neurology (PGY-2) residents as part of a 1-month, nonclinical, boot-camp rotation immediately preceding their first year of dedicated neurology training. We refer to this group as neurology residents from here forward.
As part of our assessment of the module and for the purpose of resident self-assessment, residents in this study each took a 20-question multiple-choice test before the module and then a second, different 20-question multiple-choice test after the module (Appendices B and C are the first test version and answer key, respectively, and Appendices D and E are the second test version and answer key, respectively). Each resident was randomized to take either version 1 or version 2 as the pretest and then complete the other version as the posttest. We wrote the test questions, taken directly from material in the module, and reviewed them with two neuroradiologists. We also recorded raw scores for each resident for research purposes. These scores were not used for milestone assessment, evaluation, or promotion.
We assigned the residents anonymized identification numbers with which to answer the pre-and postmodule tests. A facilitator assigned identification numbers, sent the file location of the module to the participating residents, and sent reminder emails to the residents and faculty that the resident was excused from clinical duties on the first morning of his or her rotation.
A voluntary survey (Appendix F) was given to radiology and neurology residents who completed this module; the survey was taken after the posttest. The survey contained several questions about the module and asked respondents to rate their experience on a 5-point scale (1 = strongly disagree, 5 = strongly agree). In addition, neurology residents were asked by their program to rate each of the educational activities they attended during the neurology boot-camp rotation on a 6-point scale (1 = very poor, 6 = excellent). Using the same 6-point scale, neurology residents also took a self-assessment survey for their program about knowledge and skills in different domains, including image interpretation, before and after the boot-camp rotation.
After 5 years of utilizing the module and pre-and posttests in radiology and 4 years in neurology, we collated score data for the pre-and posttests for both groups and the survey data. Statistical analysis was performed using t tests, and power calculations were performed.
Results
Forty-seven radiology residents (over 5 years) and 31 neurology residents (over 4 years) successfully completed the pre-and posttests.
For the entire group, including both radiology and neurology residents, every resident's score on the posttest either stayed the same or increased compared to the pretest, regardless of the order in which residents took version 1 or version 2. The mean increase in score on the posttest was 4.0, which was statistically significant (p < .0001). The cohort size was sufficient to detect a 4.00-unit increase in score (alpha = 0.0001, beta = 0.0001). The median score increase was 4.0, and the range was an increase of 0.0-9.0. Radiology residents had slightly better scores on the pretest and the posttest than neurology residents: Radiology residents had a mean score of 14.5 on the pretest and 18.6 on the posttest, while neurology residents had a mean score of 13.2 on the pretest and 17.0 on the posttest. The pre-and posttest differences between radiology and neurology residents were statistically significant (p < .04 for the pretest, p < .0004 for the posttest). For the pretest, the sample size was sufficient to detect a 1.28-unit difference in posttest scores between radiology and neurology (alpha = 0.2, beta = 0.2); for the posttest, the sample size was sufficient to detect a 1.53-unit difference in posttest scores between radiology and neurology (alpha = 0.05, beta = 0.05). The mean increase in scores for radiology and neurology residents, respectively, was 4.1 and 3.8, but the difference was not statistically significant.
On the survey given to radiology and neurology residents, the mean ratings for the four questions, respectively, were 4.8, 4.8, 4.9, and 4.9 out of 5 (5 = strongly agree), and the median was 5 for all questions.
On the survey of neurology residents regarding their boot-camp activities, the mean rating for the head CT module was 5.2, while the mean rating of the other 51 educational sessions was 4.0. Residents were also given the opportunity to write free-text comments. One wrote, "The CT workshop was one of the most high-yield topics. I was very uncomfortable with radiology prior to this session and felt it helped a lot." Another wrote, "CT module was great and very helpful in getting [the] basics down." No suggestions for improvement were noted.
On the survey of self-assessment of skills for neurology residents, the mean score in neuroimaging before the rotation was 2.5. The mean self-assessment rating of skills in neuroimaging after the rotation was 3.4.
During the evaluation period that most closely followed the neurology boot camp, all 23 adult neurology and child neurology residents who participated in this activity between 2014 and 2016 achieved a level 2 or higher in the neuroimaging domain. This means that their respective clinical competency committees felt that the residents were able to identify basic neuroanatomy and recognize emergent imaging findings on brain CT. These data were not available for radiology residents.
Discussion
Our project aimed to create an interactive, computer-based module to teach the learner the basic principles of noncontrast head CT interpretation. Our results show that the learning module increased the residents' knowledge in almost all cases, with no resident scoring lower on the posttest than on the pretest. The module thus achieved its purpose of providing a useful introductory resource and has become a requirement in our program for radiology residents prior to starting their neuroradiology rotation. The module is generalizable to all radiology residency programs seeking an interactive learning resource for new radiology residents and furthermore can provide similar foundational imaging knowledge to residents in related fields (neurology, neurosurgery, emergency medicine, etc.).
By analyzing test results from the module, we learned that radiology residents had slightly, but significantly, higher scores than neurology residents on both the pre-and posttests. This might be partly due to radiology residents having increased prior exposure to and interest in image interpretation, either during medical school or during their internships. Also, because the neurology residents completed their module and tests at the very beginning of their PGY-2 year but the radiology residents completed them as they started their neuroradiology rotations throughout the year, many of the radiology residents had more imaging experience by the time they completed the module and tests.
Similarly, we have learned the value of having an asynchronous learning resource, such that radiology residents are able to use the module immediately before beginning their neuroradiology rotation, whenever that happens to occur during the year. This prevents residents from seeing the module during their first month and then forgetting the information should they happen to rotate in neuroradiology several (or many) months later.
We found that giving the residents dedicated time off their clinical service to complete the module encouraged participation and was a way to ensure a certain foundation of knowledge before beginning clinical work. Having a facilitator (in our case, an upperclassman resident) helped to ensure that the module was completed and that faculty were aware the resident would be absent from morning clinical duties.
This project also showed how useful this resource can be in related medical specialties, where residents usually have limited or no education in imaging. Surveys of neurology residents who participated in this activity suggest that they viewed it favorably compared to other educational sessions and that their selfassessed skills in neuroimaging improved following these sessions. All neurology residents who participated in this program achieved level-appropriate milestones in neuroimaging several months after completing the activity. One challenge in creating this module was that it was difficult to find faculty consensus on an appropriate search pattern for reviewing head CT images. We expected the most senior radiologists to have a detailed search pattern but instead found that they tended to have a relatively simple search pattern or, in some cases, no search pattern at all. We speculate that with more experience, radiologists abandon their search pattern and use more of a gestalt approach.
There are several limitations of the module. First, the module cannot possibly teach the entire scope of noncontrast head CT. A future direction may be to broaden the scope of the content to include the interpretation of postoperative head CT. The search-pattern approach is taken from certain individuals at our institution, making it somewhat subjective. There are certainly other useful search patterns that are not discussed. Currently, we have no particular threshold for passing or failing the pre-or posttests; therefore, the scores are not currently utilized for resident feedback. In addition, we do not currently monitor the residents while either viewing the module or taking the tests, so we have no true way of knowing how much of the module they actually complete. A future direction might be mapping the test questions to particular slides in the module, so that residents could immediately review material they missed on the test.
Our interactive, computer-based learning module for noncontrast head CT has proved useful in teaching new radiology and neurology residents about the basics of image interpretation. The module allows for asynchronous education and has been a useful tool for providing a search pattern and teaching basic imaging anatomy and pathology.
